PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61F 2/06 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/36000 

22 July 1999 (22.07.99) 



(21) International Application Number: PCT/US98/27505 

(22) International Filing Date: 22 December 1998 (22.12.98) 



(30) Priority Data: 
09/009,674 



20 January 1998 (20.01.98) 



US 



(71) Applicant: HEARTSTENT CORPORATION [US/US]; 651 

Campus Drive, St. Paul, MN 55112 (US). 

(72) Inventors: TWEDEN, Katherine, S.; 1175 Ashley Lane, 

Mahtomedi, MN 55115 (US). CONRAD, Timothy, R.; 
1 1068 Branching Horn, Eden Prairie, MN 55347 (US). 

(74) Agent: BRUESS, Steven, C; Merchant, Gould, Smith, Edell, 
Welter & Schmidt, P. A., 3100 Norwest Center, 90 South 
Seventh Street, Minneapolis, MN 55402-4131 (US). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model). ES, FT, FI (Utility model), GB, GD, 
GE, GH, GM, HR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SK (Utility model), SL, TJ, TM, TO, TT, UA, UG, 
UZ, VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: TRANSMYOCARDIAL IMPLANT WITH SEPTAL PERFUSION 




(57) Abstract 
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received within a coronary vessel lumen. The first portion has an axial dimension aligned with an axis of the vessel. The second portion 
is sized to extend from the vessel through a myocardium into a heart chamber. The conduit has open first and second ends on axial ends 
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TRANSMYOCARDIAL IMPLANT WITH SEPTAL PERFUSION 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

This invention pertains to an implant for passing blood flow directly between 
a chamber of the heart and a coronary vessel. More particularly, this invention 
pertains to such an implant with an enhance design for providing blood flow to 
septal perfusing and branching arteries. 

10 2. Description of the Prior Art 

Commonly assigned and co-pending U.S. Patent Application Serial No. 
08/882,397 filed June 25, 1997, entitled "Method and Apparatus for Performing 
Coronary Bypass Surgery", and filed in the name of inventors Mark B. Knudson and 
William L. Giese, teaches an implant for defining a blood flow conduit directly from 

15 a chamber of the heart to a lumen of a coronary vessel. An embodiment disclosed in 
the aforementioned application teaches an L-shaped implant in the form of a rigid 
conduit having one leg sized to be received within a lumen of a coronary artery and 
a second leg sized to pass through the myocardium and extend into the left ventricle 
of the heart. As disclosed in the above-referenced application, the conduit is rigid 

20 and remains open for blood flow to pass through the conduit during both systole and 
diastole. The conduit penetrates into the left ventricle in order to prevent tissue 
growth and occlusions over an opening of the conduit. 

Commonly assigned and co-pending U.S. patent application Serial No. 
08/944,313 filed October 6, 1997, entitled "Transmyocardial Implant", and filed in 

25 the name of inventors Katherine S. Tweden, Guy P. Vanney and Thomas L. Odland, 
teaches an implant such as that shown in the aforementioned *397 application with 
an enhanced fixation structure. The enhanced fixation structure includes a fabric 

* * 

surrounding at least a portion of the conduit to facilitate tissue growth on the exterior 
of the implant. 

30 Implants such as those shown in the aforementioned applications include a 

portion to be placed within a coronary vessel and a portion to be placed within the 
myocardium. When placing a portion of the implant in the coronary vessel, the 
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vessel is axially incised a length sufficient to insert the implant. When placed within 
the coronary vessel, the implant discharges flow axially into the vessel. The vessel 
may have multiple branching vessels. For example, in the case of a coronary artery, 
numerous septal perfusing arteries may branch off of the coronary artery to provide 
5 blood to the septal wall. The septal perfusing arteries branch off of the floor of the 
coronary artery. In addition to these, additional small arteries may branch off of the 
sides of the coronary artery. Due to the axial length of the implant within the vessel, 
the wall of the implant may block blood flow to these branching arteries resulting in 
localized ischemia. 

10 SUMMARY OF THE INVENTION 

According to a preferred embodiment of the present invention, a 
transmyocardial implant is disclosed for establishing a blood flow path through a 
myocardium between a heart chamber and a lumen of a coronary vessel residing on 

1 5 an exterior of the heart. The implant includes a hollow rigid conduit having a first 
portion and a second portion. The first portion is sized to be received within the 
lumen. The first portion has an axial dimension aligned with an axis of the vessel. 
The second portion is sized to extend from the vessel through the myocardium into 
the heart chamber. The conduit has open first and second ends on axial ends of 

20 respective ones of the first and second portions to define a blood flow pathway 

within an interior of the conduit between the first and second ends. The first portion 
has at least one radial opening formed therethrough for blood to flow radially 
outward of the first portion proximally to the first end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 is a front, top and left-side perspective view of a first embodiment of 
an implant according to the present invention; 

FIG. 2 is a front elevation view of the implant of FIG. 1 ; 
FIG. 3 is a bottom plan view of the implant of FIG. 1 ; 
30 FIG. 4 is a side elevation view of a second embodiment of an implant 

according to the present invention; 
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FIG. 5 is a top plan view of the implant of FIG. 4; 
FIG. 6 is a bottom plan view of the implant of FIG. 1 ; and 
FIG. 7 is a view of the implant of FIG. 1 in place following surgical 
placement. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
With initial reference to FIG. 1, a conduit 10 is shown in the form of an L- 
shaped rigid tube. The conduit 10 may be formed of titanium or other rigid 
biocompatible material such as pyrolytic carbon or may be titanium which is coated 
10 with pyrolytic carbon. The material of the conduit 10 is preferably a rigid material 
in order to withstand contraction forces of the myocardium. By way of example, the 
tube will have an outside diameter D 0 of about 3 millimeters and an internal 
diameter D, of about 2 millimeters to provide a wall thickness of about .5 
millimeters. 

1 5 The tube 1 0 has a first portion (or vessel end) 1 2 which is sized to be 

received within the lumen of a coronary vessel such as the lumen 80 of a coronary 
artery 82 illustrated in FIG. 7. The conduit 10 has a second portion (or myocardium 
end) 14 which extends at a right angle to the axis of portion 12. The second portion 
14 is sized to extend from the coronary artery 82 directly through the myocardium 

20 84 and protrude into the left ventricle 86 of a patient's heart. The second portion 14 
is sized to have a length sufficient for the portion 14 to protrude into the left 
ventricle 83. 

The vessel end 12 has a first opening 16. The myocardium end 14 has a 
second opening 18 in communication with an interior 20 of the implant 10. 
25 Therefore, blood can freely flow through the implant 10 between the left ventricle 83 
and the lumen 80 of the coronary artery 82. Blood flows axially out of opening 16 

parallel with the axis of lumen 80. 

As discussed more fully in the afore-mentioned commonly assigned and co- 
pending U.S. Patent Application Serial No. 08/882,397, the portion 14 may be 
30 provided with tissue-growth inducing material (not shown in the present application) 
to immobilize the implant 10 within the myocardium 84. 
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4 

The implant 10 includes a radial opening 22 on the vessel portion 12 to 
permit blood to flow radially outwardly from the vessel portion 12 (relative to the 
longitudinal axis X - X of vessel portion 12). In the embodiment of FIGS. 1 - 3, the 
opening 22 is formed by removing the floor of the vessel portion 12 (i.e., that 
5 portion of the vessel portion 12 opposing myocardial portion 14). As a result of 
forming opening 22, septal perfusing arteries may be provided with blood. This is 
best illustrated in FIG. 7 showing the implant 10 in place. In FIG. 7, the vessel 
portion 12 is shown residing within a coronary vessel (such as coronary artery 82). 
The longitudinal axis of the vessel portion is aligned with the axis of the lumen 80. 
10 Sutures 24 secure the artery 82 to the vessel portion 12. The proximal portion of the 
coronary artery is ligated by sutures 85. As shown in FIG. 7, the coronary artery 82 
has numerous branching arteries including septal perfusing arteries 86 extending 
from the floor 88 of the coronary artery 82. With a solid cylindrical vessel portion 
12, the arteries 86 within the axial length of the vessel portion 12 will be blocked 
1 5 and deprived of blood. As a result, tissue perfused by these arteries 86 may become 
ischemic. The opening 22 permits blood to flow radially out of the vessel portion 12 
and supply oxygenated blood to these arteries 86. 

FIGS. 4-6 illustrate an alternative embodiment implant 10' (all similar 
elements numbered identically with the addition of an apostrophe). Unlike the 
20 embodiment of implant 1 0 where the opening 22 is formed by removing the base of 
the vessel portion 12, the implant 10* is provided with a plurality of holes 22' 
perforating the vessel portion 12' to permit flow radially out of the vessel portion 
12'. The holes 22' extend the axially length of the vessel portion 12' and surround 
the cylindrical wall of the vessel portion 12'. In addition to supplying blood to 
25 septal perfusing arteries 86 extending from the floor 88 of the artery 82, the holes 
22' supply blood to branching arteries (not shown) which may extend from the sides 

of the coronary artery 82. 

In addition to the open base 22 and holes 22', openings through the vessel 
portion 12 can be formed in other ways. For example, the vessel portion 12 can be 
30 formed of cross-hatched material (similar to stent construction) with areas between 
the material of the portion 12 defining the openings through the vessel portion 12. 
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While not a preferred embodiment, the myocardial portion 14 may be 
provided with holes to permit radial flow directly into the myocardium 84. This is 
consistent with well-known transmyocardial revascularization techniques attempting 
to supply blood to the myocardium directly by forming holes through the 
5 myocardium in communication with the left ventricle. However, such a design is 
not preferred since the myocardium 84 is thrombogenic and such holes may result in 
thrombus occluding the implant 10, 10'. 

Having disclosed the present invention in a preferred embodiment, it will be 
appreciated that modifications and equivalents may occur to one of ordinary skill in 
10 the art having the benefits of the teachings of the present invention. It is intended 
that such modifications shall be included within the scope of the claims which are 
appended hereto. 
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1 . A transmyocardial implant for establishing a blood flow path through a 

myocardium between a heart chamber and a lumen of a coronary vessel residing 
5 on an exterior of said wall, said implant comprising: 

a hollow rigid conduit having a first portion and a second portion; 
said first portion sized to be received within said lumen, said first 
portion having an axial dimension aligned with an axis of said vessel; 

said second portion sized to extend from said vessel through said 

1 0 myocardium into said chamber; 

said conduit having open first and second ends on axial ends of 
respective ones of said first and second portions to define a blood flow 
pathway within an interior of said conduit between said first and second 
ends; and 

1 5 said first portion having at least one radial opening formed 

therethrough for blood to flow radially outward of said first portion 
' proximally to said first end. 

2. A transmyocardial implant according to claim 1 wherein said first portion is 
20 perforated. 

A transmyocardial implant according to claim 1 wherein said first portion and 
second portion are disposed at an angle relative to one another and with said first 
portion having a base opposing said second portion, said base being substantially 
open for blood to flow through said base in addition to flowing axially out of 
said first open end. 

4. A transmyocardial implant according to claim 1 wherein the second portion is 
solid to block radial flow from said second portion. 

30 

5. A transmyocardial implant according to claim 1 wherein the first portion is an 
expandable stent. 
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